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Abstract 
Three experiments were conducted to Investigate the 
generality of the guidance hypothesis to a brief practice 
(acquisition) session. Three research paradigms were 
studied consistent with those outlined by Schmidt (in 
press). Schmidt has been vocal in advocating the notion 
that frequent knowledge of results (KR) degrades learning. 
In experiment 1 the relative frequency of KR was 
investigated by employing four frequency conditions with a 
5-trial acquisition phase. Summary-KR was studied in 
Experiment 2, utilizing three different STjmmary lengths with 
a 15-trial acquisition phase. Finally, the trials-delay 
procedure was considered in Experiment 3. There were four 
varieties of delay, each having a total of five KR 
statements. In all three experiments the task involved a 
limb movement from left key to right key, performed in a 
criterion time of 500 milliseconds. All three experiments 
employed an immediate retention test (10 minutes later) and 
a delayed retention test (2 days later) to determine if the 
experimental conditions affected learning. 
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GENERAL INTRODUCTION 
One of fhe key fopics in motor behavior research 
concerns the issue of feedback. Feedback is one of the most 
important variables affecting motor skill learning, aside 
from actual practice (Bilodeau & Bilodeau, 1961; Reeve, 
Dornier, & Weeks, 1990; Schmidt, in press; Winstein & 
Schmidt, 1990). This information may take two forms - 
knowledge of performance (KP) and knowledge of results (KR) 
(Salmon!, Schmidt, & Walter, 1984; Schmidt, 1988}. 
Knowledge of performance refers to information 
regarding the movement, or the movement pattern, whereas KR 
concerns the outcome of the response (Schmidt, 1988). It is 
the latter that traditionally has been regarded as the most 
effective form for learning (Adams, 1987; Bilodeau & 
Bilodeau, 1958; Bilodeau & Bilodeau, 1961; Newell & Walter, 
1981; Salmon! et al., 1984). Furthermore, KP has received 
less attention with regard to performance and learning 
because it is difficult to analyse movement patterns in many 
tasks (Schmidt, 1988). 
The Performance-Learning Distinction 
Knowledge of results has been defined as "verbal, 
terminal extrinsic feedback" (Salmon! et al., 1984; Schmidt, 
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1988) . Essentially, KR is information (e.g., a score) 
representing the outcome of the movement which is presented 
to the performer (Newell & Walter, 1981; Schmidt, 1975a; 
Winstein & Schmidt, 1990). As such, research on KR is 
concerned with its effects on performance and learning. 
Tolman recognized this distinction as early as 1932 when he 
discussed the nature of learning (Tolman, 1932). 
Learning is frequently defined as a relatively 
permanent change in behavior resulting from practice or 
experience (Adams & Reynolds, 1954; Bilodeau & Bilodeau, 
1961; Dunham, 1971; Salmon! et al., 1984; Schmidt, 1975a; 
Schmidt, in press; Schmidt et al., 1989). Performance, on 
the other hand, is the translation of learning into behavior 
and may be temporarily affected by many variables (Dunham, 
1971; Schmidt, in press). To determine if a change in 
performance, following the provision of KR, is attributable 
to learning, or is simply a temporary performance effect, a 
transfer or retention test may be performed (Salmon! et al., 
1984; Schmidt, 1975a; Schmidt, in press; Schmidt et al., 
1989) . 
The transfer or retention test is designed to allow all 
experimental groups to operate under a common level of the 
independent variable; usually a no-KR transfer test is 
utilized. If enough time is allowed between the practice 
conditions and the transfer test, the temporary effects of 
KR will fade away, leaving the permanent effects. Thus, any 
3 
change in performance would be attributable to learning 
(Salmoni et al., 1984; Schmidt, 1975a; Schmidt et al., 
1989). 
Presentation of Knowledge of Results 
Temporal Locus of Delivery 
Experiments concerning KR have largely been concerned 
with temporal locus of its delivery. The basic question 
surrounds what is the best time to present KR to the 
learner. The time period between each trial may be divided 
into three intervals. The intertrial interval is the total 
time between two consecutive trials. That interval may be 
further divided into the KR-delay interval (the time between 
the response and the presentation of KR) and the post-KR 
delay interval (the period between the delivery of KR and 
the next trial) (Adams, 1971; Bourne & Bunderson, 1963; 
McGuigan, 1959a; Newell & Walter, 1981; Salmoni et al., 
1984; Schmidt, 1988). 
R-1  KR-1  R-2 
 Inter-trial Interval  
  KR-delay Interval    Post-KR Delay Interval — 
Figure 1 - Intervals in the KR paradigm. The R refers to 
the response. 
(From Schmidt, 1988, pp. 534) 
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It: is proposed t:hat during -these intervals, various 
types of information processing activity occurs. The 
individual uses the KR-delay interval to temporarily store 
some aspect of a movement just made (Salmon! et al., 1984}. 
The post-KR delay interval is the time during which 
information processing occurs and is extremely important for 
learning (Adams, 1971; Newell & Walter, 1981; Salmon! et 
al., 1984; Schmidt, 1988). 
Researchers have investigated the effects of various 
manipulations to each of these intervals. However, it is 
difficult to study each interval separately without 
confounding one of the other time periods (Adams, 1971; 
McGuigan, 1959a). Typically, studies will hold the 
intertrial interval constant while investigating the effect 
of the KR-delay and post-KR delay intervals (Adams, 1971). 
Studies manipulating the intertrial interval have 
produced contradictory results (Salmon! et al., 1984). Some 
have reported that increasing this period has beneficial 
effects on learning (Adams, 1987; Salmon! et al., 1984) 
while others have concluded that there is no effect (Salmon! 
et al., 1984; see Table 1 for an example of some studies to 
which Salmon! refers.) From the available evidence, Salmon! 
et al. (1984) have concluded that the relation between the 
intertrial length and learning is a positive one. 
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Table 1 
Intertrial Interval Studies 
Author Task Findings 
Koch & Dorfman limb movement - no learning effect 














line drawing - increased interval, 
(6 in) increased learning 
(covaried intertrial & 
Kr-delay) 
In terms of performance, the evidence indicates that 
changing the length of the KR-delay period has no effect 
(Adams, 1971; Lavery, 1962; Lorge & Thorndike, 1935; Salmon! 
et al., 1984; Schmidt, 1988). However, most of the 
literature regarding the KR-delay interval has failed to 
consider learning. Studies that have investigated learning 
effects have concluded that there is no effect associated 
with increasing the KR-delay interval (McGuigan, Crockett, & 
Bolton, 1960; Salmon! et al., 1984). However, this 
conclusion may be erroneous due to the long KR-delay 
intervals that were utilized. Even when KR was presented 
"instantaneously", a delay occurred while the experimenter 
recorded the data and relayed it to the subject (Swinnen, 
Schmidt/ Nicholson, & Shapiro, 1990; see Table 2 for an 
example of two such studies.) 
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Table 2 
KR-Delav Interval Studies 
Author Task Findings 




- no learning effect 
(0 sec. vs. 20 sec. KR- 
delay) 
Swinnen et al. 
(1990) (criterion 
distance) 
lever sliding - KR advantage for 8 sec. 
(relative to 0 sec.) 
Swinnen and his colleagues (1990) attempted to provide 
truly "instantaneous" KR by having the subject read his/her 
score on the clock as soon as the movement was completed. 
The delay groups waited the prescribed time before being 
able to read their score. Swinnen et al. (1990) found a 
short KR-delay interval to produce enhanced learning 
compared to instantaneous feedback. Furthermore, the 
beneficial effects of delayed KR were noticeable in long 
retention periods, rather than in an immediate retention 
test. 
The general conclusion from the various studies is that 
the post-KR interval must be of a minimtom length to allow 
information processing to occur (Adams, 1971; Newell & 
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Walter, 1981; Salmon! et al., 1984; Schmidt, 1988), yet; it 
should not be too long (Salmon! et al., 1984). It is held 
that a post-KR delay interval that is too long may result in 
performance and learning decrements due to forgetting 
(Salmon! et al., 1984). No studies have been performed, 
however, where a long enough post-ICR delay has been utilized 
to produce learning decrements. Furthermore, studies 
employing very short post-KR delay intervals have failed to 
use retention tests (see Tcdsle 3 for examples of the studies 
performed). In sum the optimal length for this interval 
remains to be specified. 
Table 3 
Post-KR Delay Interval Studies 
Author Task Findings 
Dees & knob turning - increased interval, 
Grindley (criterion increased learning 










(10-30 sec. intervals) 
rapid timing - no effect on learning 
(12-32 sec. intervals) 
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Interpolation 
A number of experiments have been conducted that 
consider the effect of intezrpolated activities on the KR- 
delay interval and the post-KR delay interval (Adams, 1971; 
Lee & Magill, 1983; Salmon! et al., 1984; Schmidt, 1988; 
Shea & Upton, 1976). These activities may be either, 
unrelated or related to the experimental task. In general, 
filling the KR-delay interval with any type of activity 
interferes with learning. Presumably this result is because 
the activity blocks information processing activities. In 
contrast, filling the post-KR delay period decreases 
performance but the effects on learning are not as clear 
(Adams, 1971; Salmon! et al., 1984; Schmidt, 1988). 
Shea and Upton (1976) found that filling the KR-delay 
interval with a similar movement with a different criterion 
interfered with performance and learning as measured by a 
retention test. Presumably interpolated activities 
interfere with the stored feedback representation resulting 
in forgetting of the original movement. Interpolated 
activities also may interfere with information processing. 
Lee and Magill (1983) found that interpolated activities 
(both a related motor activity and an unrelated non-motor 
activity) during the KR-delay interval decreased performance 
but had no effect on learning. Alternatively, Salmon! et 
al. (1984), argued that a delay during this interval appears 
to facilitate learning. 
9 
Precision of KR 
Research into the effect of KR on learning has also 
investigated the precision of the KR statement (Salmoni et 
al., 1984}. The information provided by KR may be divided 
into two broad categories - qualitative and quantitative. 
According to Reeve et al. (1990): 
A qualitative KR statement typically provides 
information about the quality of the response 
(i.e., whether the response is correct) but not 
precise information related to the outcome of the 
response, whereas a quantitative KR statement provides 
precise information about the magnitude and direction 
of the response error (p. 284). 
Table 4 summarizes some findings regarding the influence of 
precision of KR. 
Generally, quantitative KR facilitates performance 
more than qualitative (Lavery, 1964; Newell & Walter, 1981; 
Reeve et al., 1990; Salmoni et al., 1984; Schmidt, 1988; 
Trowbridge & Cason, 1932). Salmoni et al. (1984) suggest 
that KR should be less precise early in practice and 
progressively increase in detail with the proficiency of the 
subject. If information becomes too precise it may hinder 
performance thus, an optimal level must be reached (Newell & 
Walter, 1981; Reeve et al., 1990; Rogers, 1974; Salmoni et 
al., 1984; Schmidt, 1988). Further, adults are capable of 
receiving more precise KR than children (Salmoni et al.. 
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1984; Schmidt, 1988). 
Table 4 
Precision of KR Studies 


























& direction) better 
on retention than 
qualitative 
quantitative better on 
retention than 
qualitative 
error score better than 
right/wrong 
no retention rest 
grade 4 - quantitative 
better on retention 
than direction 
grade 2 - direction 
better than 
quantitative 
As the level of precision increases, it may be 
necessary to initially lengthen the post-KR delay interval 
to allow more information processing time (Newell & Walter, 
1981; Salmon! et al., 1984). In general, the literature 
shows that enhancing the precision of KR leads to increased 
learning, however; the findings are inconsistent (Reeve et 
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al./ 1990; Salmon! et. al., 1984). The equivocal findings 
may be due to the different tasks and characteristics of the 
subjects involved in the various studies. 
KR and Learning 
According to Schmidt's (1975b) schema theory a 
performer develops a schema (internal representation) for a 
given skill as a function of practice. Following a movement 
attempt, the individual briefly stores information 
regarding: a) the initial conditions; b) the response 
specifications; c) the sensory consequences of the response 
produced; and d) the outcome of that movement. With each 
successive movement, the individual formulates a schema, 
that outlines the relations among these four sources of 
information (Schmidt, 1975b). 
For example, the task in the present experiments 
involves the subject making a limb movement from the left 
key to the right key in a criterion time of 500 
milliseconds. Thus, the initial conditions consisted of the 
apparatus and the subject's body position in relation to the 
apparatus. The response specifications would be the task 
and the criterion time. Once the subject has completed the 
movement, he/she would store the sensory consequences of the 
task (i.e., kinesthetic sensations). Finally, on those 
trials where the subject receives KR, it would be classified 
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as movement outcome information. The subject then would use 
these four sources of information to formulate/update the 
schema for this particular task. 
Information pertaining to error is needed to allow a 
comparison of each movement to the schema. Each time KR is 
given, the individual can update the schema and prepare a 
corrected response for the next practice trial (Ho & Shea, 
1978; Rubin, 1978; Schmidt, 1975b). Continued practice 
allows the individual to detect his/her own errors through 
an error detection mechanism (Adams, 1987; Schmidt, 1975a; 
Schmidt, 1975b; Schmidt, in press; Swinnen et al., 1990). 
Scheduling of KR 
Frecruencv of KR 
Numerous researchers have attempted to determine the 
optimal scheduling (i.e., amount) and delivery of KR for 
learning. The traditional view on KR is that more is 
better - the more KR that is given, the more the subject 
will learn (Adams, 1971; McGuigan, 1959b; Salmon! et al., 
1984; Schmidt, 1975a; Taylor & Noble, 1962; Trowbridge & 
Cason, 1932; Winstein & Schmidt, 1990; Wulf & Schmidt, 
1989). Although, the amount of KR given may be varied 
according to many different schedules, the scheduling of KR 
typically is categorized in terms of absolute and relative 
frecruencv. 
Absolute frequency of KR is the total number of times 
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that KR is presented to the learner during a practice 
sequence (Salmoni et al., 1984; Schmidt, 1975a; Schmidt, 
1988; Schmidt, in press; Winstein & Schmidt, 1990). 
Relative frequency refers to the percentage of trials on 
which KR is presented. Specifically, the absolute frequency 
of KR divided by the total n\jmber of practice trials 
(Salmoni et al., 1984; Schmidt, 1975a; Schmidt, 1988; 
Schmidt, in press; Winstein & Schmidt, 1990; Wulf & Schmidt, 
1989) . For example, if there are 50 trials, and KR is 
presented on half of them (e.g., 25 KR trials), the absolute 
frequency of KR is 25 and the relative frequency of KR is 
50% (25/50) (Salmoni et al., 1984). 
Earlier investigators held that there was a positive 
relation between absolute frequency and initial performance 
(Bilodeau & Bilodeau, 1958; Bilodeau, Bilodeau & Schumsky, 
1959; McGuigan, 1959b; Salmoni et al., 1984; Schmidt, 
1975a). Basically, any variation that increases the amount 
of KR during acquisition trials (i.e., practice trials) will 
improve performance (Winstein & Schmidt, 1990). The 
improvement, however, does not necessarily remain during 
transfer or retention tests, which are generally accepted as 
true tests of learning (Schmidt, 1988; Winstein & Schmidt, 
1990) . 
An emerging viewpoint is that learning may actually be 
degraded by frequent feedback; a view contradictory to the 
traditional belief (Black, 1970; Salmoni et al., 1984; 
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Schmidt, 1975a; Schmidt, 1988; Schmidt, in press; Sherwood, 
1988; Taylor & Noble, 1962; Hinstein & Schmidt, 1990; Wulf & 
Schmidt, 1989). However, it must be remembered that the 
traditional viewpoint was based on studies that did not 
include transfer or retention tests. Thus, in many cases, 
the conclusions with regard to learning were really only 
performance effects. 
Schmidt (in press) has outlined three research 
paradigms that lend support to the idea that frequent 
feedback degrades learning - relative frequency, trials- 
delay procedure, and siunmary-KR. 
Relative Frecruencv 
The early studies on relative frequency indicated that 
a higher percentage of KR was best for learning (McGuigan, 
1959b; Schmidt, in press). However, these studies tended to 
confound absolute frequency and relative frequency of KR. 
For example, McGuigan (1959b) held the total number of 
trials constant while manipulating the relative frequency of 
KR, consequently varying the absolute frequencies for the 
experimental groups. Thus, the better performance of 
McGuigan's high relative frequency group may have been due 
to an increase in absolute frequency. This interpretation 
is supported by Bilodeau and Bilodeau (1958) who concluded 
that absolute frequency is positively related to learning. 
However, they too did not perform a retention test, thus. 
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the observed results can only be regarded as a performance 
effect. 
Other research regarding the relative frequency of KR 
investigated the effect of an intermittent reinforcement 
schedule, as opposed to the traditional continuous 
reinforcement schedule (Adams, 1987; Black, 1970; Schmidt, 
1988; Schulz & Runquist, 1960; Taylor & Noble, 1962; 
Winstein & Schmidt, 1990; Wulf & Schmidt, 1989). 
Reinforcement was similar to KR except that the individual 
simply received some reward for responding correctly. 
According to the principles of reinforcement, an individual 
has many responses available in his/her repertoire (Skinner, 
1938). The individual will select different responses until 
one results in a reward which strengthens that response and 
increases the probability of it occurring again. 
An intermittent reinforcement schedule refers to the 
fact that subjects will not be rewarded for every correct 
response (Schmidt, 1988). Extinction corresponds to 
withdrawal of KR (Adams, 1987). "The expectation for it was 
that motor performance would decline, which it did" (Adams, 
1987, p. 49). According to Adams (1987), "resistance to 
extinction is a function of the schedule of reinforcement in 
acquisition" (p. 49). 
Schulz and Runquist (1960) found that intermittently 
reinforced responses were better than continuously 
reinforced responses in terms of resistance to extinction. 
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Once the reinforcement was removed, those subjects receiving 
the intermittent schedule were more resistant to extinction. 
These findings support the idea that intermittently 
reinforced responses are more resistant to extinction than 
continuously reinforced responses (Schulz & Runquist, 1960). 
The traditional viewpoint regarding KR frequency was 
further challenged when studies were performed with 
retention tests in order to assess learning. It was shown 
that performance during acquisition trials did improve with 
a higher relative frequency of KR, but, increased 
performance was not found on siabsequent retention tests 
(Sherwood, 1988; Winstein & Schmidt, 1990; Hulf & Schmidt, 
1989). 
Subsequent investigators have supported the findings of 
Schulz and Runquist (1960). That is, lower relative 
frequencies of KR were more resistant to extinction than 
higher relative frequencies (Black, 1970; Taylor & Noble, 
1962). Furthermore, studies employing retention tests found 
that subjects who experienced a lower relative frequency 
performed better than those who received a high relative 
frequency which indicates that learning is actually enhanced 
with reduced KR frequency (Salmoni et al., 1984; Schmidt, 
1988; Sherwood, 1988; Winstein & Schmidt, 1990; Wulf & 
Schmidt, 1989). 
According to Salmoni and his colleagues (1984), "with 
the total number of KR trials (absolute frequency) fixed. 
17 
decreased relative frequency improves performance on a no-KR 
transfer test" (p. 363}. Thus, although the groups with a 
higher relative frequency of KR performed better during the 
acquisition phase than the lower relative frequency groups, 
the reverse was true on the no-KR retention tests (Salmoni 
et al., 1984). When the total number of trials is held 
constant and the relative frequency is manipulated (thus, 
varying the absolute frequency), there is still a tendency 
for increased learning with a lower relative frequency of KR 
(Schmidt, 1988; Winstein & Schmidt, 1990; Wulf & Schmidt, 
1989). 
Trials-Delav Procedure 
A number of studies have investigated the issue of 
feedback frequency through the trials-delay procedure. With 
this procedure additional responses occur between a given 
trial and its KR (Bilodeau, 1956; Bilodeau, 1966; Bilodeau, 
1969; Lavery, 1962; Lavery, 1964; Salmoni et al., 1984; 
Schmidt, 1975a), The trials-delay procedure was utilized as 
early as 1935 by Lorge and Thorndike when they investigated 
the influence of delay in the "after-effect of a connection" 
(pp. 186). Utilizing a ball-throwing accuracy task, Lorge 
and Thorndike manipulated the time that KR was delayed. One 
of their conditions involved delaying KR until after the 
next throw, basically a 1-trial delay. The results 
indicated that there was no gain in accuracy for the 1-trial 
18 
delay condition relative to immediate KR. 
Bilodeau (1956) reinvestigated the effects of KR delay 
on performance in two experiments employing a linear 
positioning task. The first experiment included four 
groups: 0, 1, 2, and 3-trials delay. Each group received 16 
KR trials resulting in 11, 18, 19, and 20 total trials, 
respectively. In the second experiment, Bilodeau (1956) 
included three groups, 0, 2, and 5-trials delay. Again, the 
number of KR trials was held constant (30 trials) while the 
number of responses (31, 33, and 36, respectively) was 
confounded. After the acquisition trials in both 
experiments (including a one minute rest) the subjects were 
given a 4-trials test under 0-trial delay conditions. 
Bilodeau found that decrements in acquisition performance 
were a function of the number of trials by which KR was 
delayed. However, the retention test indicated that there 
were no significant differences among the experimental 
groups. 
Lavery and Suddon (1962) also investigated the trials- 
delay procedure in two experiments. The first experiment 
involved three simple instruments - manual lever, force 
gauge, and dynamometer. The manual lever task involved 
moving a lever a criterion distance. Both the force gauge 
and the dynamometer tasks required the subject to exert a 
criterion force; the difference was that the latter task was 
designed to allow the subjects to exert forces 
19 
substantially greater than normal. Three trials-delay 
conditions (0-, 2-, and 5-trials delay) were employed. Each 
subject performed each task under each condition, with the 
order of the tasks and conditions varying. The no-KR 
retention tests favoured the 5-trials delay condition. 
The second Lavery and Suddon (1962) experiment was 
designed "to determine the effect of the level of accuracy 
reached during acquisition on the level maintained during 
retention" (p. 234). Using the results from their first 
experiment the investigators postulated that a 0-trial delay 
group and a 5-trials delay group could be trained to the 
same level of accuracy at the conclusion of the acquisition 
phase if the total number of trials for each group was 
different. Specifically, the 5-trials delay group must be 
given more acquisition trials than the 0-trial delay group 
in order to reach the same level of accuracy at the end of 
the acquisition phase. The results of this experiment 
indicated that the 5-trials delay group retained their level 
of accuracy better than the 0-trial delay group. In other 
words, the 0-trial delay group demonstrated a greater 
decrease in accuracy during retention, as compared to their 
final acquisition accuracy level, than the 5-trials delay 
group. Lavery and Suddon (1962) concluded that "The data 
lend support to the generalization that a method of KR which 
enhances the cues inherent in the task yields better 
retention" (p. 235). 
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Lavery (1964) utilized a throwing accuracy task to 
investigate the effects of 0- and 1-trial delay. Lavery 
found that acquisition occurred at a slower rate for the 
trials-delay groups as compared to a 0-trial delay group. 
Retention, however, improved with a 1-trial delay as 
compared to a 0-trial delay. According to Bilodeau (1966), 
the retention effect in the Lavery studies favours the 
trials-delay procedure over immediate KR. 
In their extensive review, Salmoni et al., (1984) 
stated that the emerging view on the trials-delay procedure 
is that, although it has a negative effect on performance 
during the acquisition trials, the procedure has a positive 
effect on learning. Essentially, in studies that have 
incorporated retention tests it has been concluded that 
trials-delay groups demonstrate superior performance during 
these tests (Lavery, 1964; Lavery & Suddon, 1962; Salmoni et 
al., 1984). 
Stimmary-KR 
Recently, researchers have investigated a procedure 
similar to the trials-delay procedure, termed summary-KR. 
The summary-KR procedure involves providing KR only after 
the completion of the last trial in a set (e.g., showing a 
graph at the end indicating the results for all trials in 
that set) (Schmidt, in press; Schmidt et al., 1989). 
According to Schmidt (in press) "Summary feedback is 
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somewhat like reduced relative frequency, at least in terms 
of the learner's capability to use information after a 
trial" (Schmidt, in press, p. 5). 
The summary-KR technique is not new. Lavery (1962) 
found that a 20-trial summary was detrimental to performance 
during the acquisition stage but beneficial to performance 
during a no-KR retention test. According to Lavery, "any 
training method that encourages the subject to perceive and 
interpret the cues inherent in the task, will favor 
retention" (p. 309). 
Schmidt et al. (1989) systematically studied the effect 
of summary lengths on performance and learning. The four 
summary length variations that were utilized were a 1-, 5-, 
10-, and 15-trial summary. Knowledge of results was 
presented via a graph indicating the subject's constant 
error. The results indicated that summary-ICR was 
detrimental for performance during acquisition, but, the 
reverse was true for performance on retention tests. 
Subjects who experienced the longest svunmary conditions 
produced the greatest number of errors during the 90 
acquisition trials while demonstrating the most accurate 
movements during the 25 trial no-KR retention test. Schmidt 
(1989) pointed out that the beneficial effects of summary-KR 
were not evident on the immediate retention test (i.e., 10 
minutes after the acquisition trials), but became apparent 
















Chemical reduction of pellets 4 to 8 
Time (minutes) 
Figure 3.1.2 
Chemical reduction of pellets 9 to 13 
Figure 3.1.3 
Chemical reduction of pellets 14 to 16 
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Table 3.1.1 Conductance of Bi2FeMo20i2 pellets at 620 K after chemical reduction 
Sample Number Final Conductance (Siemens) Final Resistance (ohms) 
16 1.6 X 10 -6 641,000 
15 8.7 X 10 -5 11,500 
5.4 X 10 -4 1840 
7.7 X 10 -4 1300 
2.4 X 10 
-3 
412 
11 3.2 X 10' 310 
12 3.4 X 10' 290 
13 4.0 X 10‘ 249 
10 5.2 X lO" 190 
8.7 X 10' 114 
1.7 X 10 -2 60 
4.0 X 10’ 25 
14 1.3 X 10' 7.5 
3.2 Cooling and Low Temperature Analysis 
Figure 3.2.1 shows the temperature dependence of the open circuit resistance in 
the evacuated cryostat with no sample present. This resistance is due to the conductance 
through the plastic insulation holding the contact pins. As a result the resistance 
measurements of samples 16, 15, 7 and 5 were discontinued before the level shown in 
Figure 3.2.1 was reached. 
Figures 3.2.2, 3.2.3 and 3.2,4 show the temperature dependence of pellet 
resistance measured after switching off the oven and allowing the pellet to cool to room 
temperature in a nitrogen atmosphere followed by the temperature dependence of the 
pellet resistance as it warmed from 90 K to room temperature in a vacuum cryostat. 
Figure 3.2.3 shows discontinuities in the conductance of samples 4, 6, 10 and 14 
near room temperature. This could be due to chemisorbed vapour on the granular 
surafaces that could not be removed during the evacuation period. 

